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Introduction

"No man-made structure that is coupled with the
ground can be regarded as entirely free from physical
hazard and risk.," This statement by the late Dick Jahns,
renowned engineering geologist and distingnished
professor at Caltech, Penn State and Stanford, is
especially true of hillside terrain in seismically active
mhémmmmavngWummmm
terrain focus of expanding development
throughout the coastal ranges of California. These
developmentshaveoﬁm'edachanmgemmlogmsand
enginesrs who strive to make souctres “hazard free”, or at

mmmenskmmmmghmdwawlmble
level. Standard i

recognized and mitigated prior to final project acceptance.

ishqwnﬂya
significant factoirn in tha:roffailm umemd failures
sometimes resnit in billions of dollars property damage
and severe emotional distress that accompanies the loss of
a home, devalved ar, in extreme cases, loss of
life. Case swdies of such ground failures, performed
mherforresearch,pwmworfomnmpnrposes,
ﬁ'equemly involve examination of previous geologic
_investigations that have not accurately predicted the
ground failure or consequences of the failure, The
consuliants who have conducted these "postmoriem”
studiwappeartohavedmlopedamghudewofmpect
far the complexity of geologic and geotechnical conditions
contributing to ground failures than consultants without
this experience.

423

As reviewers of development applications for 12

" commaunities in the Sam Francisco Bay area, we are

continually confronted by the shortsightedness and
incompleteness of many engineering geologic reports that
present very little understanding of geologic hazards. The

mmmd&ﬁcmmmammmem
we review are the result of incompetence or

irresponsibility on the part of the investigator(s).

Part of the incomperence problem is that the field
investigative tasks are sometimes poorly pianned and

delegated to staff without adequate wraining in the
completion of thorough engineering geologic
investigations. Included with this group are some

geotechnical engineers who do not understand geologic
processes, and therefore do not perceive the need for,

m zeologists whoalmaremqml%dtomndmt
mmnughwgimnggeolomsmﬂm. Typically, such

an approach results in failure to fully recognize or
understand hazards, or an inability to make the transition
from hazard recognition to meaningful assessment of the
risk associated with the hazard.

A smaller group of consuitants perform their work in
an irresponsible manner. Included with this group are
investigators who are aware of a hazard, but try to

downplay its significance without fully investigating the
potentai problem. -In some cases, consuitants deliberately

perform a low-cost, limited scope of work, knowing that
the reviewers will require additional studies at greater cost
to their clients. We have seen some consultants choose o
perform a limited™geotechnical engineering study,
knowing that the work wouid be insufficient, not up 0
the standard of care, and likely to be rejected by the city's
reviewers as being inadequate. Later, using the reviewess'
rejection as a lever, the consultant can then persuade his or
her client to fund 2 full engineering geologic
investigation. This normally has to be followed up with



a second geotechnical engineering study to address issues
discovered during the geologic investigation! '

Unfortunately, episodes like the one above are not as
rare as we would like to believe. In many aspects, it
seems as if the standards of investigative practice are less
loday than they were in the late 1960s and 1970s, after
great strides had been achieved in recognition and
charactenization of hillside hazards. Jahns (1974) made the
following statement in reference to reports submitted to
Los Angeles County for review during the early days of

geologic review: "Nearly half of the reports had been .

submitted by people with little or no experience in
geology as applied 10 engineering works, and at least half
of them either were essentially without pertinent data or
presented no more that generalized information rather
crudely abstracted from the published record. Little more
than one out of ten contained maps or sections that had
been prepared at an appropriate scale or in suitable detail.”
It is somewhat dismaying that this pattern of incomplete
and poorly supported work continues to plague the
profession.

Judging from the poor quality of many of the
geologic and geotechnical reports we review annually, it is
apparent that some geologic consultants are not aware that
there is a well-defined method of conducting geotechnical
investigations, and related hazard analyses, that can
significantly improve investigative resuits. Dick Jahns
spoke of this issue frequently to geology students at
Stanford University during his tenure from the mid-1960s
to the early 1980s. This forum provides a good
oppartunity to refresh all engineering geologists of the
four "essential" steps of a engineering geologic
investigation, as Jahns outlined aver two decades ago.

The Jahnsian Investigative Steps

The enginesring geologic approach contains the
following four basic steps:

1. Recognition of local geologic conditions and
recogniuon of any geclogic hazards:

2. Characterization of the local conditions and

hazards;

3. Assessment of the risk posed by the hazards;
and

4. Mitigation of the hazard so that the subject
property can be safely used.

To our thinking, these four steps are both logical and
necessary. Furthermore, these steps must be performed in
proper sequence: one cannot fully assess the risk posed by
a hazard until the characteristics of that hazard are fully
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understood. Similarly, a hazard cannot be accurately
characterized unless the presence of the hazard has bes

recogruzed.

The most common hazards and constraints in the
coastal regions of California are various forms of slope
instability, susceptibility to strong seismic ground
shaking, surface fault rupture, flooding, and expansive soii
and bedrock materials. For simplicity, our discussion of
the basic steps to the engineering geologic approach will
emphasize the problems with development in landsiide
terrain. It is apparent, however, that the approach should
be applied to all types of geologic hazards and conditions.

SIQH ] - Eﬂﬂmiﬁﬂﬂ

It 1s obvious that the investigator must POSSEss
sufficient qualifications to enable hazards to be recognized.
If a hazard is not recognized, then subsequent Steps cannot
be satisfactorily completed no matter how qualified the
geologist or engineer participating in these phases. The
record of case histories clearly demonstrates that many
farlures can be traced to deficiencies in this vital first step.

Recognition of a landslide hazard can be enhanced by
performing the appropriate investigative tasks in proper
sequence. First, the best available maps, historical aerial
photographs and other documents should be reviewed to
see what topographic features are present and to determine
whether any significant geologic features have beer
previously mapped. Several communities possess thei
own. set of geologic maps and, in some cases, geologic
Hazard maps. These documents provide a wealth of dara
which can help an investigator almost instantaneously
become familiar with local geologic conditions.
Frequently, we have found that these maps provide more
accurate information than the site-specific maps prepared
by the consultant as part of his investigation.

Site-specific surface mapping of geologic exposures
and geomorphic features provide the second task in the
hazard recognition phase. Many times, this critical task
requires relatively little time to complete, and it is often
the only dépendable way to identify a number of potential
hazards, For recognition of existing landslides, the surface
boundaries and probable subsurface configurations must be
determined, or at least approximated, from field
observations. Figure 1 portrays the increasing level of
detail and understanding that accompany a geologist's
progression from topographic map and aerial photo graphic
Interpretation to site-specific mapping.

Performing both the these two tasks is critical to the

geologic safety of a project. Without adequate
identification of sits conditions and associated hazards, the
remaming three steps cannot be conducted with success.
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Onceahazardhasbeenmmgnized.itreqnm‘ more mlogistandengﬁwtodirecﬂyobsmeandmple
demﬂedsmdyinmdermobminmfﬁniemphysicaldmas subsurface materials and contacts, such as exploratory
a basis for further analysis and assessment. Each type of trenches and large-diameter boreholes and shafts, gre
hamﬂhasamciamdpmamemthmmmhedmmed potentially much more valuable than small-diameter
befmitsﬁlmhehavﬁrmbejudgadmdanaccepmb!e borings mmmmplwmnﬁdM*MMmm
assessment about risk can be made. For landslide knowledge of the materials or conditions existing at depth
evaluations, these parameters typically include: the . (Hutchinson, 1983). Despite abundant evidence to the
physical dimensions (length, width and depth) of the conuary.meofgurcollmgmsulldqmtmlizethat
landslide;tﬁposmphicmdiﬁms;engineaingmperﬁes lmdsﬁdmc?nmmofammeofmﬁ,mmmck-
of landslide materials, rupture surfaces and underiying hard,mamaltha:hasfaﬂedalongmormmmymin
ea'rdzmawdals;gmundwammdiﬁons;mbablemodes and very weak surfaces. As a resuit, the weakest materiale

of failure; and seismic shaking considerations. frequendy are not sampled, and resulting stability analyses
Obviously, detailed surface mapping and subsurface based on the high strengths ﬂﬁtﬂmmed&om laboratory
exploration must be carried out in order to determine thess testing of essentially mtact material yield erroneously
parameters. ‘ hlgh,andthnsdanmuslymiﬁm;fmm'sofsafety.
Ac:iticalﬁmsmpintlﬁsphmisthepmducﬁonof Prior to initiation of a particularly exteansive
a detailed engineering geologic map and cross sections of subsurface program, it is often bemeficial to solicit

the property. Inhillsidemm'n,tbmisabmlmelyno comments from the reviewer. In this way, the consuliant
substitute for detailed field mapping and profiling hastheoppomniqtoincmptnmanysnmﬁonsmade

performed by an experienced enginsering geologist. by the reviewer into his work plan, and the reviewer has
Unfortunateiy,thisstepisthemcomonmm; ﬂ:qmmniq_minspmthembmrfaceexplomﬁm
element in an engineering geologic investigation for program while in progress. Communication with the
residential properties in hillside terrain. We often see that mﬁm«moﬁengo'almgwaymardmpleﬁnga
themappingphaseispafmm&dhmiad!yinaneﬁ'mttn successful i of hazards affecting a particular

proceedmthsnbmﬁceexplomion. As a result, borings .. site. ‘

showingtheslopemﬁle,limitsofhndsﬁdingbmedan pam‘cnlm'hmrdmnotbecomplmdunﬁl adequate
surface mapping, and anticipated depth(s) of subsurface lnmrdevalmﬁmandanalyﬁshavebeenpmfmed. For
rupture surfaces, Uﬁngd:egeologicmapmdprelimy most sites, itisnotpossiblemfurmﬂwmctdming
msecﬁm.mbswfaceamionsmbea‘wdam of a geologic event. However, it is often possible to
locaﬁonsthathavethahigheapmbability of achieving clomlymimﬂwptobabbfmmnibm;macﬁve

the needed data, geologicmandlheeﬁamofthmacﬁvem
On a particular site. In order to complete an accurate risk

Threemajorobjecﬁvesofmemhsurfmuplmﬁm assessment, the engineering geologist must be aware of
program should be: compiete characterization of the the conditions and sequence of events that led to formation
material units present, determination of landslide of the hazard. Thus, for existing landslides, the

gepm.mdmmgonofmnnﬁmmpmwm mmmmmbemofmemﬂm
g

follow a standard logging procedure, the relatively m and characteristics previous episodes of
high cost and physical that this phase of work sliding, ‘Ih:sinfmmaﬁonmtlmbemmedwm
can entail in comparison 0 other investigative tasks. geotechnical engineer so that appropriate parameters and
Rather than attempting to maximize the amount of malythalmethodsa:eusedmaml}'zethemhﬂityofm

informaﬁonﬁ'omeachmbmmexcavaﬁm.andperhaps landsiide,
limiting the number of excavations, many consuoitants
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geomenies,mundwamlevels.andﬂnhquwhaﬁng

values. In addition, the engineering geologist can play a

vimlroleintheselecﬁmofpmpershwmmva!m

eithabydiruﬂysamplingthemlm:mamhls,orby

identifying which materials should be sampled for
testing.

To summarize this step, following recognition and
dmwﬁmﬁonofanexismgmudemomuslope,a
mmlywaluaﬁmshouldbepeﬁmwdthathcmm
the engineeri geologist's understanding of: landslide
type:mologicprocmthatgna_yimmthembﬂityof

Table 1. Summary of the Jahnsian investigative steps.

plans (e.g., response of natural ground water levels (o
residential irrigation and septic leachfields) should be
inciuded in the geologic evaluation.

Step 4 - Mitigart

After the likely long-term behavior of the landslide or
slope in question has been evaluated, and the associated
risks to proposed development have been assessed.
formulation of mitigation measures can begin. Mitigarive
solutions for landslide hazards include setbacks from
potenﬁallylmmblegmmd,altemﬁmsofm;m
drainages, construction of subsurface drainage
improvements, removal combined with or without
reconstruction of unstable material, and various forms of
retaming structures to buttress unstable slopes, The
e&cﬁmmofthmmdothamiﬁpﬁmmmgm
highly dependent on adequate completion of the three
preceding steps. If an accurate assessment of future
mmmnthasnmbeenperfomed,theathepmpm

" method of correcting, avoiding or living with that

asmmmtmaybemsufﬁmtjogtem:nheadme
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d:ecmsequencesofmsafemlogicmndiﬁm

mptodncﬁvemdesignanenginwedmlnﬁmthatwiﬂi

notbeallowedduetoljemicﬁonsinmminingwall
heights, or other policies directed toward minimizing
visual impacts. In addition, communities that have
become sufficiently aware of their natural hazards
gamnymmﬁcmmmmm
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